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CHANNELIZED SCR INLET FOR IMPROVED AMMONIA INJECTION AND 

EFFICIENT NOx CONTROL 

: 

."f 

m Field and Background of Invention 

%1 [0001] The present invention relates generally to the field of industrial and utility 
J boilers and furnaces and in particular to a new and useful channelized inlet for a 
selective catalytic reduction (SCR) system for control of NOx emission leaving the 
Cn system, 

I| [0002] SCR systems are used to clean impurities from the exhaust gases of 
boiler and furnaces, and in particular, to reduce NOx emissions. Ammonia is 
injected into the boiler exhaust gas stream in the presence of a catalyst. A chemical 
reaction occurs with the exhaust gas, which removes a large portion of NOx from the 
exhaust gas and converts it to water and elemental nitrogen. 
[0003] As the catalysts used in SCR systems are carefully engineered and 
expensive, it is beneficial to be able to control the stoichiometry of the exhaust 
gas/ammonia/catalyst reaction. Ammonia is typically introduced using sparger tubes 
to spray ammonia into the exhaust gas stream. The sparger tubes form an 
ammonia injection grid (AIG). 

[0004] SCR performance can be significantly affected by non-uniform flue gas 
flow into the catalyst, and catalyst manufacturers thus typically specify a maximum 
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allowable non-uniformity of the flue gas velocity at the inlet of the SCR. The 
complex geometry of the flue gas duct upstream of the SCR, the presence of the 
ammonia injection grid, limited space In retro-fit applications and other factors all 
contribute to non-uniform gas flow within the duct. Flow correction devices such as 
perforated plates, splitter plates, turning vanes, hollow tube bundles, rectifier grids 
and other flow straighteners have all been used to produce a more uniform flue gas 
velocity profile and straighten the flue gas flow, thereby conditioning the flue gas flow 
pattern. 

[0005] SCR systems are currently designed and operated to provide the highest 
level of flow, temperature and chemical uniformity. Techniques such as zonal AIG 
injection, static mixing, and judicious use of flow correction devices to provide flow 
conditioning, have all been used in known SCR designs to attempt to provide the 
most uniform flow and chemical composition practical. The goal of these designs is 
to produce a uniform flue gas velocity and a uniform ammonia-to-NOx (NHs/NOx) 
mole ratio at the inlet to the SCR. A uniform NHs/NOx mole ratio at the SCR inlet 
promotes efficient use of both ammonia and catalyst, while minimizing unreacted 
ammonia. Unreacted ammonia, referred to as ammonia slip, is undesirable as it can 
result in air heater fouling or baghouse blinding, and may effect the disposal or 
marketability of fly ash or scrubber byproducts. Maldistribution of the NH3/NOX 
profile at the SCR inlet is usually the major cause of high ammonia slip. 
[0006] Generally, the NHs/NOx mole ratio of the NH3 needed to remove NOx is 
represented by the following equation: 



Md = Ti + S NH3 / NOx, i 

[0007] where Md = 
[0008] Ti 

[0009] S NH3 = 

[0010] NOx, inlet = 



design mole ratio 
NOx removal efficiency 
ammonia slip, in ppm 
inlet NOx, in ppm 
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[0011] Thus at a low removal efficiency, e.g. ri = 60%, an NHs/NOx imbalance is 
not a significant problem. However, so-called "high performance" SCR systems are 
operated much closer to theoretical stoichiometry, to achieve 90%+ removal 
efficiency, and are thus much less tolerant of NHs/NOx mole ratio maldistribution. 
[0012] Known techniques still have not eliminated the problems of NHs/NOx mole 
ratio maldistribution, particularly for retrofit applications where space and/or pressure 
drop constraints may limit design options, and for the more demanding requirements 
of high removal efficiency. Thus improvements that would more precisely control the 
NHs/NOx ratio at the inlet of an SCR would be welcomed by industry. 

Summary of the Invention 

[0013] One aspect of the present invention is to provide a new system for 
improving overall SCR NOx removal efficiency. 

[0014] Another aspect of the present invention is to provide a new system for 
minimizing ammonia consumption in an SCR. 

[0015] A further aspect of the present invention is to provide a new system for 

improving mixing of ammonia and flue gas upstream of an SCR. 

[0016] Yet another aspect of the present invention is to provide a new system to 

minimize average and local peak ammonia slip through an SCR. 

[0017] Accordingly, a flue for a flowing gas having improved flow characteristics 

for use with an SCR is provided comprising vanes, located within the flue upstream 

of a selective catalytic reduction reactor, that divide the flowing gas into two or more 

separate flow channels, and means for providing ammonia into the gas within each 

channel. 

[0018] In an alternate embodiment, a flue for a flowing gas having improved flow 
characteristics for use with an SCR is provided comprising vanes, located within the 
flue upstream of a selective catalytic reduction reactor, that divide the flowing gas 
into two or more separate flow channels, means for providing ammonia within each 
channel, and conditioning means within each flow channel for conditioning the gas 
flow pattern. 
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[0019] In yet another embodiment, a flue for a flowing gas having improved flow 
characteristics for use with an SCR is provided comprising vanes, located within the 
flue upstream of a selective catalytic reduction reactor, that divide the flowing gas 
into two or more separate flow channels, means for providing ammonia within each 
channel, conditioning means within each flow channel for conditioning the gas flow 
pattern, and gas flow rate measuring means within at least one flow channel for 
measuring the gas flow rate through the at least one channel, and means for 
controlling the gas flow rate through the at least one flow channel. 
[0020] The various features of novelty which characterize the invention are 
pointed out with particularity in the claims annexed to and forming a part of this 
disclosure. For a better understanding of the invention, its operating advantages 
and specific benefits attained by its uses, reference is made to the accompanying 
drawings and descriptive matter in which a preferred embodiment of the invention is 
illustrated. 

Brief Description of the Drawings 
[0021] In the drawings: 

[0022] Fig. 1 is a sectional side elevation schematic view of a flue upstream of an 
SCR having a channelized flow paths according to the invention; and 
[0023] Fig. 2 is a perspective view of a single, channelized flow path upstream of 
an SCR according to the invention. 

Description of the Preferred Embodiments 

[0024] Referring now to the drawings, in which like reference numerals are used 
to refer to the same or similar elements, Fig. 1 shows flow channels 110 formed 
inside flue 100 by a series of vanes 120, which segment and direct the flue gas flow 
150 toward SCR reactor catalyst bed 170 along discrete flow paths. Within each 
flow channel 110, an ammonia supply system 30 injects ammonia into the flue gas. 
The ammonia reacts with the NOx in the flue gas as it travels through the SCR 
reactor catalyst bed 170. The vanes 120 thus serve to isolate the ammonia injected 
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into each channel until it arrives at, or is just upstream of, the SCR reactor catalyst 
bed 170. This allows one to know with a high degree of certainty that the ammonia 
injected into each flow channel will be directed to a specific location across the 
cross-section of the SCR reactor catalyst bed 170, This provides for more precise 
control of the ammonia-to-NOx mole ratio distribution at the inlet of the SCR reactor 
catalyst bed 170 and significantly facilitates reactor adjustment, thereby improving 
NOx removal efficiency, 

[0025] By providing individual flow channels 110, more precise reactor control is 
possible. The greater the number of flow channels 1 10, or the longer the channels 
extend, the greater the control precision. Shorter channel segments are also 
O effective for use in the environment of the SCR system. 

11 [0026] The amount of mixing in a flow channel increases with the distance the 
fluid travels along the flow channel. Mixing processes thus rely on the availability of 
some downstream length to accomplish a certain degree of mixing. The degree of 
% mixing can be plotted as a function of downstream length in units of the number of 
- hydraulic diameters. Providing individual flow channels 110, each having a smaller 
m hydraulic diameter than the flue 100 as a whole, therefore shortens the mixing 
ry distance needed to achieve the same degree of mixing as compared to a single flow 
g path spanning the entire flue 100, Each individual flow channel conditions the flue 
gas more efficiently in terms of the distance traveled and/or pressure drop 
experienced, 

[0027] Gas resistance or pressure drop provided by the SCR bed 170 has a flow 
redistribution effect that improves gas flow uniformity as the flue gas approaches the 
face of SCR bed 170. Terminating the channels in close proximity to the face of 
SCR bed 170, or sealing the multiple flow channels 110 directly to the face of SCR 
bed 170, minimizes or eliminates fluid interaction among the various streams as they 
leave the flow channels. Thus some or all of the flow corrective capability of SCR 
bed 170 gas flow resistance can be propagated forward to the entrance of the 
multiple flow channels 110. Under these conditions, the flow corrective capability of 
the gas flow resistance of SCR bed 170 therefore improves the overall gas flow 
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uniformity prior to ammonia injection 30, wliere it is l^nown to be useful in 
establishing more uniform dosing of ammonia into the gas stream. 
[0028] Fig. 2 shows a single channelized flow path 1 10 having an optional plate 
20 with multiple perforations 25 at the channel inlet. Plate 20 can be used to provide 
volumetric control of flue gas flow rate through the channelized flow path 110. When 
used, plate 20 also acts to condition the flue gas flow pattern within the channel by 
creating a more uniform flue gas velocity profile across the channel, thus helping to 
improve the uniformity with which ammonia is injected into the flue gas flow. The 
plate 20 may include flow straighteners extending from around each of the 
perforations (not shown) to further condition the flue gas flow pattern, and dampers 

O (also not shown) for variably controlling the flow through the plate 20. The plate 20 

5 may be located recessed from the immediate entrance to the channel 1 10 as shown, 

ji or it can be placed flush with the entrance to the channel 1 1 0. 

[0029] An ammonia supply system 30 having a supply pipe 38, such as an 

:=i ammonia injection grid (AIG) having sparger pipes 35, is positioned downstream of 
the plate 20. The ammonia supply system 30 provides ammonia to the flue gas, and 

• tit rrri* 

m the ammonia reacts with the NOx in the flue gas as it travels through the SCR 
^ reactor catalyst bed 170 shown in Fig. 1. Refemng again to Fig. 2, a control valve 

• V H 

O 39 in supply pipe 38 can be used to variably adjust the flow rate of the ammonia into 

"'^ the channel 110. 

[0030] Following the ammonia supply system 30, optional static mixing devices 
50, such as static mixing tabs, can be used to improve mixing within the channel. 
Flow straightening tube bundle 60 may be positioned at the end of channel 1 10 for 
additional flow straightening or in place of the static mixing tabs 50. Alternatively, 
both the static mixing tabs 50 and tube bundle 60 may be omitted from the channel 
110. In such a case, plate 20 with perforations 25 can be used alone to control and 
condition the flue gas flow through the channel 110. 

[0031] Means such as pressure taps 90 and 95, located at the inlet and outlet 
ends respectively of channel 110, can be used to measure or indicate the flue gas 
flow rate, for ammonia supply feed control feedback and to evaluate NOx control. 
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[0032] Where the catalyst bed properties contribute to different pressure drops 
across the SCR reactor catalyst bed 170, the flow channels 110 can be adjusted to 
also have non-uniform pressure drops to correct the overall pressure drop profile in 
order to facilitate a more uniform flow profile across the SCR reactor catalyst bed 
170. 

[0033] While specific embodiments of the invention have been shown and 
described in detail to illustrate the application of the principles of the invention, those 
skilled in the art will appreciate that changes may be made in the form of the 
invention covered by the following claims without departing from such principles. 
For example, the present invention could also be used to produce a non-uniform 
;i ammonia-to-NOx mole ratio distribution at the inlet of the SCR to compensate for 
S non-uniform degradation of the catalyst within the SCR reactor catalyst bed. While 
li the present invention may be applied to construction of original equipment fossil fuel 
boilers or combustors, it is particularly suitable for retrofit applications involving 
existing fossil fuel boilers or combustors, where design options may be limited. In 
% some embodiments of the invention, certain features of the invention may 
m sometimes be used to advantage without a corresponding use of the other features. 
' 1 Accordingly, all such changes and embodiments properly fall within the scope of the 
i;3 following claims. 



